T h e ne w e ngl a nd jou r na l o f m e dic i ne n engl j med 359;1 www.nejm.org july 3, 2008 22 C ardiac arrest is a major public health problem, with more than 600,000 sudden deaths in North America and Europe each year. Although epinephrine is the vasopressor agent of choice for cardiopulmonary resuscitation, the prognosis of patients with cardiac arrest who require epinephrine remains extremely poor, regardless of the cumulative epinephrine dose given. 1 Because endogenous vasopressin levels were found to be significantly higher in successfully resuscitated patients than in patients who died, Lindner et al. suggested that it might be beneficial to administer vasopressin during cardiopulmonary resuscitation. 2 Studies of cardiopulmonary resuscitation in animals demonstrated that vasopressin increased blood flow in vital organs, 3 cerebral oxygen delivery, 4 short-term survival, 5 and neurologic outcome, 6 as compared with epinephrine. In contrast to these observations, clinical studies of cardiopulmonary resuscitation in patients with in-hospital or out-of-hospital cardiac arrest showed that the effects of vasopressin and epinephrine were similar. 7, 8 In one of these clinical studies, 8 however, successive administration of vasopressin and epinephrine in a subgroup of patients with refractory cardiac arrest resulted in significantly higher rates of survival to hospital discharge than repeated injections of epinephrine alone, a result suggesting that combined administration of vasopressin and epinephrine during cardiopulmonary resuscitation might be an effective strategy to improve the outcome in this subgroup. Although the concept of stimulating both catecholamine and vasopressin receptors to improve the perfusion of vital organs during cardiopulmonary resuscitation and to decrease vasopressor-mediated adverse effects makes sense, the promising results were based only on a subgroup analysis, and therefore a prospective clinical trial was required to assess this strategy.
We performed a large, randomized, clinical trial in France to prospectively test whether the combination of vasopressin and epinephrine is superior to epinephrine alone for advanced cardiac life support in out-of-hospital cardiac arrest.
Me thods
The French Emergency Medical System As previously described, 1,9 the emergency medical service in France is a two-tiered system managed by the Service d'Aide Médicale d'Urgente (SAMU). The first tier consists of emergency medical ambulances providing basic life support that are staffed by technicians and based at fire stations. The second tier consists of ambulances providing advanced cardiac life support that are staffed by physicians and based at major hospitals (Services Mobiles d'Urgence et de Réanimation [SMUR] ). Because there are more fire stations than major hospitals, emergency medical technicians are frequently closer to the scene of cardiac arrest and start basic life support (including external defibrillation) before the arrival of a physician-staffed ambulance. In accordance with the 2000 European Resuscitation Council guidelines 10 that were in effect at the time of the study, cardiopulmonary resuscitation was performed until spontaneous circulation was restored at the scene or a decision was made by the physician to discontinue resuscitation efforts.
Study Patients
This study was conducted from May 1, 2004, through April 30, 2006, and involved 31 SAMU and SMUR units in France. Adult patients with out-of-hospital cardiac arrest presenting with ventricular fibrillation, pulseless electrical activity, or asystole requiring vasopressor therapy during cardiopulmonary resuscitation were included. The exclusion criteria were age under 18 years, successful defibrillation without administration of a vasopressor, traumatic cardiac arrest, pregnancy, documented terminal illness, presence of a do-notresuscitate order, and obvious signs of irreversible cardiac arrest.
Study Design
The institutional review board of the University Hospitals of Lyon in Lyon approved the study for all participating study centers. Waiver of informed consent was authorized by the institutional review board because of the urgent need for treatment of cardiac arrest. The patients' relatives were informed about the trial, and for patients who survived until admission to the hospital, written informed consent for further participation in the trial was obtained, as prescribed by the hospital review board, from a family member or from patients who were capable of giving consent. Data from patients for whom consent was not obtained were excluded from the analysis.
The study drugs were manufactured, labeled, and inspected by Laboratoire Aguettant, Lyon, according to Good Manufacturing Practice and Good Clinical Practice Guidelines; the composition of the drugs was confirmed by high-pressure liquid chromatography. Each set of study drugs consisted of either two 1-mg ampules of epinephrine and two 40-IU ampules of vasopressin (for the combination-therapy group) or two 1-mg ampules of epinephrine and two ampules of saline placebo (for the epinephrine-only group). Treatment assignments were randomly generated in sets of 40 drug boxes, with stratification according to center. Randomization and distribution of study-drug sets were governed by a central randomization schedule. During the entire trial, all investigators and emergency medical service personnel were unaware of which study drugs were used and had no control over the order in which the study-drug sets were used. The possibility of making the physician aware of the identity of the study drugs was available in the case of adverse events, but it was never used. If all inclusion criteria were met and none of the exclusion criteria were present, patients presenting with pulseless electrical activity or asystole underwent randomization immediately; patients with ventricular fibrillation underwent randomization after three initial defibrillation attempts had failed. After randomization, the patients received either 1 mg of epinephrine and 40 IU of vasopressin or 1 mg of epinephrine and saline placebo in separate injections less than 10 seconds apart. If spontaneous circulation was not restored within 3 minutes after the first administration of the study drugs, the same combination of study drugs was administered again. If spontaneous circulation was still not restored within the following 3 minutes, patients in both the combination-therapy group and the epinephrine-only group were given additional open-label epinephrine at the discretion of the emergency-medicalservice physician. All drugs were administered intravenously and were followed by the administration of 20 ml of normal saline. Amiodarone or fibrinolytic therapy was also administered at the discretion of the physician; no other drugs were administered.
Documentation
Each patient's demographic characteristics and clinical data were recorded on a standardized paper form according to Utstein style recommenda-tions 11 and subsequently entered into a secure national database. All case-record forms were subsequently collected in Lyon, where a random sample of 5% of the forms was assessed by the data and safety monitoring committee. Baseline characteristics and other clinically important features were documented. The primary end point was survival to hospital admission, which was defined as admission of a patient with a palpable pulse and measurable blood pressure to an intensive care unit. The secondary end points were return of spontaneous circulation (defined as the spontaneous return of a palpable pulse and measurable blood pressure for at least 1 minute), 12 survival to hospital discharge, good neurologic recovery (cerebral-performance category 1), and 1-year survival. Neurologic performance was assessed at hospital admission by the Glasgow Coma Scale (scores range from 3 to 15, with lower scores indicating reduced levels of consciousness) and at hospital discharge according to cerebralperformance categories 13 (1 indicates conscious with normal function or only slight disability, 2 conscious with moderate disability, 3 conscious with severe disability, 4 comatose or in a vegetative state, and 5 brain-dead or dead).
Statistical Analysis
An estimate of the number of patients needed for the trial was derived from the analysis of a previous study of out-of-hospital cardiopulmonary resuscitation, in which the rate of survival to hospital admission in the control group (excluding patients with ventricular fibrillation) was 21%. 1 This calculation was based on a 25% improvement in outcome in the treatment group, a significance level of 0.05, a two-tailed analysis, and a power of 90%. According to this calculation, a sample size of 1146 patients in each group would be necessary to show a clinically significant difference in the rate of survival to hospital admission. The addition of a safety margin of 5.4% (corresponding to the proportion of patients excluded from analysis in the previous study) resulted in an estimate of 2416 patients needed for the entire trial. Analysis was performed according to the intentionto-treat principle. No interim analysis was performed during the study period.
The distribution of variables was tested by the Kolmogorov-Smirnov test. Continuous variables are expressed as means ±SD or as medians and ranges. For categorical data, proportions within groups and the relative risk of death in the combination-therapy group as compared with the epinephrine-only group were calculated, with 95% confidence intervals. The study end points were analyzed by the chi-square test with the Mantel-Haenszel formulation, Fisher's exact test, Student's t-test, or the Mann-Whitney U test, as appropriate. According to the guidelines for reporting subgroup analyses, 14 post hoc analyses were performed, including a test for interaction. 14 All tests were conducted with a two-sided alpha level of 0.05. All analyses were performed with the use of SPSS software, version 13.0. The data were analyzed by the data and safety monitoring committee; all authors reviewed the manuscript and vouch for the accuracy and completeness of the data.
R esult s
A total of 2956 patients underwent randomization. Sixty-two patients (2.1%) were excluded from analysis, including 26 in the combinationtherapy group and 36 in the epinephrine-only group (P = 0.22). Twenty-six of the excluded patients did not consent to participation in the study, 29 had traumatic cardiac arrest, and 7 were treated but did not meet the inclusion criteria. Data from the remaining 2894 patients were analyzed; 1442 of these patients received vasopressin combined with epinephrine, and 1452 received epinephrine only. No treatment-related adverse events were reported. The characteristics of the patients in the two groups were similar, except that there were significantly more men in the combinationtherapy group (P = 0.03) ( Table 1) . Patients with witnessed cardiac arrest were more likely to survive to hospital admission than were those with unwitnessed cardiac arrest (23.2% vs. 14.4%, P<0.001). The rate of survival to hospital admission was also higher among patients who received basic life support less than 8 minutes and advanced cardiac life support less than 12 minutes after cardiac arrest than among patients in whom basic and advanced cardiac life support were delayed (38.3% vs. 20.5%, P = 0.001).
The rates of survival to hospital admission, return of spontaneous circulation, survival to hospital discharge, good neurologic recovery at discharge, and 1-year survival were similar in the combination-therapy and the epinephrine-only groups ( Table 2 ). Subgroup analyses according to various Utstein style categories also revealed no significant differences between the two groups 11 (Fig. 1, 2, and 3 ). There were no significant differences between the groups in cerebral performance at hospital admission, as measured by the percentage of patients with Glasgow Coma Scale scores of 3 (94.2% in the combination-therapy group vs. 93.1% in the epinephrine group, P = 0.55), and at hospital discharge, as measured by the percentage of patients in cerebral-performance categories 1 or 2 (53.6% in the combinationtherapy group vs. 61.5% in the epinephrine-only group, P = 0.51). Among patients with an initial electrocardiographic (ECG) rhythm of ventricular fibrillation or asystole, there were no significant differences in any outcome between the combination-therapy group and the epinephrine-only group. However, a post hoc subgroup analysis showed that when the initial ECG rhythm was pulseless electrical activity, the rate of survival to hospital discharge was significantly higher in the epinephrine-only group than in the combinationtherapy group (5.8% vs. 0%, P = 0.02). No significant differences were found in any other subgroup analyses (Fig. 3) .
In 17.3% of admitted patients, hypothermia was immediately induced and maintained during the first 24 hours of the post-resuscitation phase. Although long-term survival without neurologic impairment was better in patients treated with hypothermia than in those not treated with hypothermia (9.6% vs. 3.2%, P = 0.003), conclusions about the efficacy of hypothermia cannot be drawn, since this intervention was not randomized.
Discussion
In studies in animals, vasopressors appear to be essential during cardiopulmonary resuscitation, with vasopressin generally producing better effects than epinephrine. 15 In contrast to these results, a meta-analysis of clinical studies of cardiopulmonary resuscitation showed no obvious benefit of vasopressin over epinephrine; there was also no evidence of harm from vasopressin given during cardiopulmonary resuscitation. 16 On the basis of these findings, the 2005 International Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science with Treatment Recommendations concluded that "there is insufficient evidence to support or re-fute the use of vasopressin as an alternative to, or in combination with, adrenaline in any cardiac arrest rhythm." 17 One hypothesis was that the combination of epinephrine and vasopressin would be more effective than either vasopressor alone; this combination had been extremely effective in an animal model of asphyxial cardiac arrest. 18 A previous Data on time to resuscitation before drug injection were missing for 130 patients, who were therefore not included in the analysis. ACLS denotes advanced cardiac life support, and CPR cardiopulmonary resuscitation. large, European study of out-of-hospital cardiopulmonary resuscitation by Wenzel et al. had confirmed this hypothesis, but only in a subgroup of patients that was not included for analysis in the initial study design; thus, the confirmation lacked statistical power. 8 In agreement with these observations, a recent retrospective study reported that treatment with a combination of vasopressin and epinephrine increased end-tidal carbon dioxide and mean arterial blood pressure during cardiopulmonary resuscitation; improvement in these surrogate measures of vital-organ perfusion may have been the mechanism for subsequent improvement in short-term survival. 19 In contrast to these findings, a prospective, randomized study of out-of-hospital cardiopulmonary resuscitation found similar outcomes when 40 IU of vasopressin or placebo was injected after an initial injection of 1 mg of epinephrine failed to restore spontaneous circulation. 20 However, the study protocol included only two vasopressor dosages and was underpowered (with 325 patients) to detect a difference in long-term survival. 20 Our trial enrolled almost 10 times as many patients as that study and used a more dynamic protocol of increasing vasopressor dosages, thus taking the underlying ischemia and the duration of ongoing cardiopulmonary-resuscitation efforts into account. Despite these efforts, the present study showed no benefit of the addition of vaso- Data on time to resuscitation before drug injection were missing for 130 patients, who were therefore not included in the analysis. ACLS denotes advanced cardiac life support, and CPR cardiopulmonary resuscitation. pressin to standard treatment with epinephrine during cardiopulmonary resuscitation of adults with out-of-hospital cardiac arrest. In contrast, in a post hoc subgroup analysis, we found a significant improvement in survival to hospital discharge in the epinephrine-only group as compared with the combined-therapy group among patients with pulseless electrical activity. Since the use of hypothermia was not randomized, we are unable to conclude whether inducing early hypothermia in the post-resuscitation phase improves neurologic recovery, as was shown in previous studies focused on the protective cerebral effects of hypothermia after cardiac arrest. 21, 22 To examine the effects of vasopressin treatment on patients with a better prognosis, we prospectively selected subgroups of patients with witnessed cardiac arrest, initial ventricular fibrillation, immediate cardiopulmonary resuscitation, high end-tidal carbon dioxide levels during cardiopulmonary resuscitation, and return of spontaneous circulation after a single administration of study drugs. The lack of superiority of combination therapy over epinephrine alone, regardless of the patient subgroup, suggests that it may be futile to add vasopressin to epinephrine during cardiopulmonary resuscitation with advanced cardiac life support. In our study, the proportion of patients with asystole was higher, and therefore the rate of survival to hospital admission was lower, than in the study by Wenzel et al. 8 Since the benefit of vasopressin in the latter study was seen primarily in the subgroup of patients with asystole, it can be reasonably argued that our trial was conducted in a very appropriate population in which to test our hypothesis. More than 80% of our patients presented with asystole, and spontaneous circulation was restored an average 36p6 0.5 0.7 1.0 2.0 1.5
Epinephrine
Alone Better Data on time to resuscitation before drug injection were missing for 130 patients, who were therefore not included in the analysis. P = 0.02 for patients with initial pulseless electrical activity. ACLS denotes advanced cardiac life support, and CPR cardiopulmonary resuscitation. 29 of 45 minutes later, facts that suggest that the combination of fundamentally depleted cardiac energy and a subsequent prolonged low-flow interval may reflect a degree of ischemia that determines survival to a greater degree than the quality and strategy of the ongoing cardiopulmonary-resuscitation efforts. This suggestion is in agreement with the finding that the greatest survival benefit was achieved in our study when a patient with witnessed cardiac arrest received basic life support within 8 minutes after the arrest and advanced cardiac life support within 12 minutes. Because our patients were resuscitated in large and small cities and in rural areas by emergency medical services based in both university and county hospitals, the setting of the study was appropriate to determine the effects of a given drug during cardiopulmonary resuscitation under realistic conditions. However, our study has limitations, in particular the low overall survival rate. Although the rate of survival to hospital admission in our study was almost identical to that in a recent American trial of cardiopulmonary resuscitation (21.0% vs. 20.9%), 20 our rate of survival to hospital discharge was lower than that in the study by Wenzel et al. (2.0% vs. 9.7%) . 8 This difference can be explained mainly by the low incidence of ventricular fibrillation in our trial as compared with that in the study by Wenzel et al. (9.2% vs. 39 .8%), a reduction that was partly due to the efficacy of automated defibrillation that was performed before possible enrollment in our study. During a period of 14 years in France, the percentage of patients receiving automated defibrillation during basic cardiac life support increased from 13% to 80%, while the percentage of patients having ventricular fibrillation at the beginning of advanced life support decreased by 50%, from 35% to 17%. 1 A similar decline in the rate of initial ventricular fibrillation was observed in Seattle. 23 Thus, the "best" patients -those with a brief duration of ventricular fibrillation and therefore a high likelihood of survival and subsequent good cerebral recovery 24 -could not be included in the present study.
Unfortunately, the small number of patients with ventricular fibrillation in our study precludes a definitive conclusion against the use of vasopressin, even though a weak trend toward better outcomes with epinephrine alone was observed. The only cardiopulmonary-resuscitation interventions that have been proved to increase survival are rapid defibrillation and aggressive chest compression, both of which are performed during basic but not advanced cardiac life support. 25 The primary end point was not optimal, but it more realistically reflects the effects of cardiopulmonary-resuscitation interventions, because medical care in the intensive care units, wards, and rehabilitation facilities could not be standardized in our study protocol, although differences in care may have profoundly influenced the outcomes. 26 Moreover, because our study comparing the use of different vasopressors during cardiopulmonary resuscitation showed no difference in their effects on short-term survival, there is no reason to expect any difference in their effects on survival or neurologic recovery 1 year later. In conclusion, as compared with epinephrine alone, the combination of vasopressin and epinephrine did not improve outcome during advanced cardiac life support for out-of-hospital cardiac arrest. Dr. Wenzel reports receiving grant support from Boehringer Ingelheim. No other potential conflict of interest relevant to this article was reported.
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